Background: Household devices (e.g., television, car, computer) are common in high income countries, and their use has been linked to obesity and type 2 diabetes mellitus. We hypothesized that device ownership is associated with obesity and diabetes and that these effects are explained through reduced physical activity, increased sitting time and increased energy intake.
Methods:
We performed a cross-sectional analysis using data from the Prospective Urban Rural Epidemiology study involving 153 996 adults from high, upper-middle, lower-middle and low income countries. We used multilevel regression models to account for clustering at the community and country levels.
Results: Ownership of a household device increased from low to high income countries (4% to 83% for all 3 devices) and was associated with decreased physical activity and increased sitting, dietary energy intake, body mass index and waist circumference. There was an increased odds of obesity and diabetes with the ownership of any 1 household device compared to no device ownership (obesity: odds ratio [OR] 1.43, 95% confidence interval [CI] 1.32-1.55; diabetes: OR 1.38, 95% CI 1.28-1.50). Ownership of a second device increased the odds further but ownership of a third device did not. Subsequent adjustment for lifestyle factors modestly attenuated these associations. Of the 3 devices, ownership of a television had the strongest association with obesity (OR 1.39, 95% CI 1.29-1.49) and diabetes (OR 1.33, 95% CI 1.23-1.44). When stratified by country income level, the odds of obesity and diabetes when owning all 3 devices was greatest in low income countries (obesity: OR 3.15, 95% CI 2.33-4.25; diabetes: OR 1.97, 95% CI 1.53-2.53) and decreased through country income levels such that we did not detect an association in high income countries.
increasing. Studies in countries with greater variability in the ownership of household devices are needed to understand the full effect of owning such devices on the risk of obesity and diabetes.
We hypothesized that the ownership of a television, car or computer would be associated with an increased risk of obesity and diabetes and that these effects would be explained by reduced physical activity, increased sitting time and increased energy intake.
Methods

Study design
Participants in the Prospective Urban Rural Epidemiologic (PURE) study were enrolled from 17 high income countries (Canada, Sweden, United Arab Emirates), upper-middle income countries (Argentina, Brazil, Chile, Malaysia, Poland, South Africa, Turkey), lower-middle income countries (China, Colombia, Iran) and low income countries (Bangladesh, India, Pakistan, Zimbabwe) (Appendix 1, available at www.cmaj.ca /lookup /suppl /doi:10.1503/cmaj.131090/-/DC1). Detailed methods have been published. 17 The choice of countries reflects our desire to involve a large number of communities at different economic levels with heterogeneity in social and economic environments as well as the feasibility of successful long-term follow-up. Cities and towns were identified to reflect the geographical diversity of the selected countries, and urban and rural areas were identified in and around these cities and towns. In geographically larger and more populous countries (e.g., India, China), multiple cities and towns were selected. Communities from low, middle and high income areas were selected from within the cities and towns. Communities were identified based on the clustering of common characteristics (shared culture, socioeconomic status) and geographically defined as a set of contiguous postal code areas or group of streets or a small village. For reasons of practicality, we did not aim for a strict proportionate sampling of the world or of any specific country or region; however we did aim to recruit from economically, culturally and geographically diverse areas worldwide.
Within each community, all households were approached, and individuals aged 35-70 years who intended to remain at their current address for 4 years were invited to participate. The method of approaching households was different depending on the country but was consistent across sites within each country. These methods generally consisted of 2 approaches: initial announcements in the target communities, followed by door-to-door visits by study personnel; or study invitations mailed to all households within the target communities, followed by telephone calls from study personnel. At least 3 attempts were made to contact an individual in each household. The household participation rate was 86%.
This study was approved by the Hamilton Integrated Research Ethics Board and all relevant institutional research ethics boards at all recruitment sites.
Assessment
Participants underwent an assessment either at home, at a mobile clinic held in their community or at a central research centre. Measures were standardized and conducted identically to the procedures in the INTERHEART study. 18 Standard equipment was provided to each site, and key staff from each site attended an initial training session; they in turn trained local staff on these methods. Household ownership of a television, car or computer was self-reported. As an indicator of personal household income, we calculated percentage of income spent on food as follows: reported monthly food expenditures divided by monthly household income. Physical activity and sitting time were assessed using the long-form International Physical Activity Questionnaire and are reported in metabolic equivalents (min/wk). 19 Where available, existing validated food frequency questionnaires were used. In countries where food frequency questionnaires were not available, country-specific food frequency questionnaires were developed and validated. [20] [21] [22] [23] [24] [25] To enable comparability of all nutrition-related data and calculation of nutrient content, a master international nutrient database was created and modified appropriately to include local food composition tables and recipes of local dishes.
Body mass index (BMI) was calculated from measured height and weight, using a stadiometer and electronic scale, respectively. We defined obesity as a BMI of 30 or greater. Waist circumference was determined as the average of 2 measurements taken midway between the lowest rib and the top of the iliac crest directly on the skin or close-fitting clothing at the end of normal expiration using a nonflexible tape measure attached to a spring balance exerting a force of 750 g. Type 2 diabetes was defined as either self-reported diabetes or fasting glucose level of 7 mmol/L or greater.
Statistical analyses
We report continuous variables means and standard deviations and categorical variables as proportions. All models considered 3 levels of clus-tering because the individual participants were nested in communities and the communities were nested in countries. The variance of the outcome is partitioned across levels of the nested data, between-country variation, within-country and between-community variation and withincommunity and between-individual variation. The basic multilevel model used is shown below, where i represents level 1 (individual), j represents level 2 (community) and k represents level 3 (country). Level 1 variables are represented by the subscripts ijk, level 2 variables are represented by the subscripts jk and level 3 variables are represented by the subscript k. The regression coefficients are shown by beta coefficients (β); these are the fixed effects to be interpreted the same way as the coefficients from an ordinary least squares regression:
The random effect υ k represents the variation in intercepts between countries and the random effect µ jk represents the variation in intercepts between communities within countries. The variable ε ijk stands for the variation between individuals within communities. The fixed intercept β 0 is the overall average for the outcome.
To eliminate the effects from potential confounders, we adjusted the means or proportions for other covariates by using the GLIMMIX procedure in SAS. Country-and community-level clustering were included as random effects. The associations of obesity and diabetes with ownership of household devices were assessed with logistic regression models after adjustment for other covariates and taking country-and community-level clustering into consideration. To address the study hypothesis, a sequence of multilevel regression models was used to assess the relation between household device ownership and obesity and diabetes while first taking into account economic factors followed by the inclusion of the potential mediating lifestyle factors (physical activity, sitting time and caloric intake). Odds ratios (ORs) and 95% confidence intervals (CIs) were derived using GLIMMIX procedure. All analyses were performed in SAS version 9.2.
Results
A total of 153 996 participants from 107 599 households were included in the analyses. There was a gradient in decreased percentage of income spent on food and higher education with increasing ownership of household devices ( Table 1) . Ownership of a television was most common (78%); 32.0% of households owned a car and 34.2% owned a computer ( Table 2) . Ownership of any of the 3 devices was greatest in the high income countries and decreased with decreasing country income. For all 3 devices, ownership of a household device increased from 4% to 83% in low to high income countries, respectively. Ownership of household devices was higher in urban areas than in rural areas and in upper-middle, lower-middle and low income countries. The difference between urban and rural areas increased with decreasing country income. Increased household devices ownership was associated with increased sitting, dietary energy intake, BMI and waist circumference and decreased physical activity (Table 3 ). These trends were more prominent in the low income countries than in the high income countries. For example, in low income countries, ownership of all 3 household devices was associated with a 31% decrease in physical activity, a 21% increase in sitting and a 9-cm increase in waist circumference, compared with owning none of the devices (p < 0.001 for trend for all).
Ownership of a television was associated with an increased odds of obesity (adjusted OR 1.39, 95% CI 1.29-1.49) and diabetes (adjusted OR 1.33, 95% CI 1.23-1.44), after taking into account community-and country-level clustering and adjustment for covariates (Table 4) . Further adjustment for economic factors, physical activity, sitting time and energy intake attenuated but did not remove this association (obesity: adjusted OR 1.33, 95% CI 1.21-1.45; diabetes: adjusted OR 1.22, 95% CI 1.12-1.34).
Ownership of a car was associated with an increased odds of obesity (OR 1.14, 95% CI 1.08-1.19) but not diabetes. This association persisted after adjustment for physical activity, sitting time and energy intake (adjusted OR 1.14, 95% CI 1.08-1.20). There was no association between ownership of a computer only and obesity or diabetes. In upper-middle income countries, ownership of a television or car was associated with obesity. In low income countries, ownership of a television, car or computer was associated with obesity and diabetes (Appendix 2, available at www .cmaj .ca /lookup /suppl /doi :10 .1503/cmaj.131090/-/DC1).
There was increased odds of obesity and diabetes with the ownership of any 1 household device, after taking community-and country-level clustering into account and adjustment for covariates ( Figure 1 shows the prevalence of obesity and diabetes by cumulative number of household devices owned, stratified by country income level and adjusted for covariates. Although we found no trend between household devices ownership and obesity or diabetes in high income countries, there was a stronger relation as the level of country income decreased. This relation was most prominent in low income countries, such that the prevalence of obesity increased from 3.4% for no devices owned to 14.5% for 3 devices (p < 0.001 for trend). The prevalence of diabetes also increased (no devices: 4.7%; 3 devices: 11.7%) (p < 0.001 for trend).
There was a modest association between obesity and owning 3 devices in upper-middle (OR 1.35, 95% CI 1.14-1.60) and lower-middle income countries (OR 1.37, 95% CI 1.12-1.67) (Appendix 3, available at www.cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj .131090/-/DC1). There was no association in upper-middle income countries after adjustment for lifestyle factors. In low income countries, there was a marked and stepped increase in the odds of obesity with increasing device ownership (3 devices: OR 3.15, 95% CI 2.33-4.25). There were no associations between household devices ownership and odds of diabetes in high (OR 1.69, 95% CI 0.11-25.6), upper-middle (OR 1.22, 95% CI 0.96-1.55) and lower-middle (OR 0.99, 95% CI 0.79-1.25) income countries. In low income countries, owning 3 devices was associated with an increased odds of diabetes (OR 1.97, 95% CI 1.53-2.53); however, adjustment for lifestyle factors attenuated this association (OR 1.67, 95% CI 1.25-2.23).
Interpretation
Owning common household devices was associated with an increased risk of obesity and type 2 diabetes; however, this association varied by country income level. These associations were mediated, in part, through increased time spent sitting and energy intake and decreased physical activity.
The recent acknowledgement of the role of environment in the increasing prevalence of obesity and diabetes [3] [4] [5] has been purported to be, in part, because of increased automation and decreased obligatory activity. Time spent watching television or using cars or computers has been associated with decreased physical activity, increased time spent sitting and subsequent obesity and diabetes. [6] [7] [8] [9] [10] [11] [12] 15 We found that owning 1 household device was associated with an increased odds of obesity and diabetes; the greatest risk was associated with owning a television followed by a car.
In a previous study, 26 we found that owning both a television and car was independently associated with an increased risk of nonfatal myocardial infarction. Our present findings suggest a possible causal pathway: increased eco- nomic development leads to increased household devices ownership, which may result in an increased risk of obesity and diabetes and potential downstream cardiovascular events. Because country income level is a proxy for economic, social and environmental development, the 4 income levels that we chose reflect different stages in the epidemiologic transition. We found marked differences in associations based on country income level. Although we found a significant positive association between owning household devices and obesity or diabetes in low income countries, we were unable to detect a relationship at the high income country level. The associations in the upper-middle and lower-middle income countries were intermediate between the high and low risk countries. The inability to detect an association in high income countries likely reflects the homogeneity of device ownership (over 80% of participants in the high income countries reported owning all 3 devices; only 3% owned all 3 in the low income countries). Our findings may also be the result of a plateau effect of exposure to household devices (i.e., the negative effect of owning such devices has already occurred and is represented in the high prevalence of obesity and diabetes in these countries). Conversely, exposure to household devices in the low income countries has only recently begun and, therefore, the negative effects of their ownership are more acute and may increase as ownership increases.
Recent studies have indicated that excessive sitting is associated with obesity and diabetes, independent of physical activity. 7, 11, 27 This may be because of downregulation of lipoprotein lipase and increased glucose levels. 10, 28 Sitting, and more specifically television watching, is associated with poor diet. 13 Indeed, we found that the risk of obesity and diabetes associated with owning household devices was mediated through decreased physical activity and increased sitting time and dietary intake. Reduced sitting time has been associated with lower BMI in adolescents 29 and may be a potential intervention opportunity. Sitting interspersed with short breaks of lowintensity activity (such as walking) may prevent the deleterious effects of prolonged sitting by improving glucose control. 30, 31 For many populations, economic development leads to a workplace in which sitting time is predominantly accumulated. Improving the ability to take short physical activity breaks and increasing activity during these periods, 32, 33 as well as redesigning work spaces to include standing desks, attractive staircases or small-group meetings conducted while walking, can also lead to increased physical activity while reducing sitting time.
Limitations
Because this study was cross-sectional, we cannot identify the causal pathways between household devices ownership and obesity or diabetes. Although owning these devices likely preceded the increase in sedentary behaviours, it is possible that people who are obese or who have diabetes are more likely to own household devices because of a desire to be more sedentary and possible discomfort with physical activity. In addition, our measures of physical activity and sitting time were based on 1-week recall, which may not fully reflect the duration of exposure for a given device (e.g., a participant may have owned a television for several decades). Additionally, sedentary behaviours such as standing and low-intensity physical activity that may be important with respect to the relation between household devices and obesity or diabetes were not captured.
Conclusion
Ownership of common household devices such as a television, car or computer increased as country income level increased. Owning such devices was associated with increased odds of obesity and diabetes in low, lower-middle and upper-middle income countries. These associations were mediated, in part, through increased time spent sitting and daily energy intake and decreased physical activity. With rapid economic development in many low and middle income countries, the ownership of common household devices is likely to increase and result in increases in obesity and diabetes. Our findings emphasize the importance of limiting the amount of time spent using household devices, reducing sedentary behaviour and encouraging physical activity in the prevention of obesity and diabetes.
